A study of phenotypic stability of 13 finger millet genotypes was conducted to assess genotype-environment interaction (GEI) and identify stable finger millet (Eleusine coracana (L.) Gaertn. subsp. coracana) genotypes for grain yield across four diverse locations in India. Both parametric and non-parametric stability statistics were used to identify stable finger millet genotypes. The parameters Wi 2 , σi 2 , Si (1) , Si (2) identified similar stable genotypes, while different stable genotypes were identified by other measures. High correlation among non-parametric and parametric measures showed that these measures can be used alternatively. Only two stability measures, Ysi and YSI showed significant association with mean grain yield and Ysi was better choice for screening of genotypes for both yield and stability. The stable high yielding genotypes PPR 2773, VL 368, KOPN 942, VR 988, TNAU 1214 and GPU 45 can be deployed or included in breeding program for enhancing the finger millet productivity.
Introduction
Finger millet (Eleucine coracana L. Gaertn) is a crop of subsistence farming in India and Africa. It is present in archaeological records of early African agriculture in Ethiopia that date back 5000 years, and it probably originated somewhere in the area that today is Uganda. It is highly adaptable crop and even grown in higher elevations up to 2400 m above mean sea level in the Himalayas. It is one of the main ingredients of the staple food in South Indian State, Karnataka, which is also the major producer of finger millet in India. The yield levels in finger millet are lower in comparison to major cereal crops and require attention of plant breeders for concerted efforts towards development of high yielding stable varieties. Genotype-by-environment interactions (GEI) are important sources of variation in any crop, and the term stability is used to characterize a genotype, which shows a relatively constant yield, independent of changing environmental conditions. There are two major approaches (Parametric and Non-parametric) to study GEI and determine the adaptation of genotypes (Truberg and Huehn 2000) . Parametric methods for estimating phenotypic stability are widely used in plant breeding and they were mostly related to the variance components and related statistics. Nonparametric stability measures based on ranks provide a viable alternative to present parametric measures based on absolute data (Nassar and Huehn 1987) . Therefore, we intend to study the interrelationship among various parametric and nonparametric phenotypic stability statistics, to evaluate the similarity between these methods, and to determine the most suitable methods for assessing the finger millet genotypes grain yield stability. Purchase et al. (2000) . Among non-parametric statistics to estimate stability Si (1) and Si (2) (Nassar and Huehn 1987) was used. Simultaneous selection of yield and stability (Ysi) is another non-parametric stability procedure used in the study, where both yield and Shukla's (1972) stability variance were used as selection criteria (Kang 1993) . Another non parametric stability measure known as Yield Stability Index (YSI) was calculated by the following formula: YSI = RASV + RY where RASV is the rank of AMMI stability value and RY is the rank of mean grain yield of genotypes (RY) across environments. YSI incorporate both mean yield and stability in a single criterion. Low value of this parameter shows desirable genotypes with high mean yield and stability. Besides, the stability parameters were compared using Spearman's rank correlation (Steel and Torrie 1980) . All analyses were performed using R software version 3.1.2 (R Core Team 2014). Stability analysis in R was performed using Agricolae package (Mendiburu 2014) .
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Results and Discussion
Combined analysis of variance (Table 2) over locations resulted in highly significant differences (P<0.01) in the interaction of genotypes × environments. The significant interactions of genotypes × environments suggest that grain yield of genotypes varied across environments. Significant differences for genotypes, environments and GE interaction indicated the effect of environments in the GE interaction, genetic variability among the entries and possibility of selection for stable genotypes. The relative magnitudes of G, E and G×E variances accounted for 10.64, 66.23 and 23.13 per cent, respectively. Genotypic rank differences over environments showed the existence of crossover GEIs (Crossa 1990 ). This was fitted by the significant effect of GEI in the joint analysis of variance (Table  2 ) and showed the necessity to assess the response of the genotypes to environmental variation. Evaluation of genotypes based on four parametric and four non parametric stability parameters with mean yield are presented in Table 3 . According to Wricke (1962) (1) sum = 14.58 and Zi (2) sum = 15.96. Since both of these statistics were less than the critical value χ2 0.05, df =12 = 22.36, therefore no significant differences were found in rank stability among the 13 genotypes grown in four different environments. The individual Z values were also smaller than the critical value χ2 0.05, df =1 = 8.36, which inferred that these two non parametric stability statistics (Si (1) , Si (2) ) could not differentiate the stability of different genotypes. Spearman's rank correlation (Steel and Torrie 1980) was determined for each pair of mean yield and stability statistics (Table 4) . Mean yield showed highly significant (P<0.01) positive rank correlation with Ysi and negative significant correlation with YSI. The parametric stability measures, Shukla (σi 2 ) and Wricke (Wi 2 ) had a total correspondence (r =1.00). This indicates that these procedures are equivalent for ranking purposes. These parametric stability measures along with s 2 and ASV were also in total correspondence with non parametric stability measures Si
(1) , Si (2) and YSI. The lower values indicating higher stability for all these parameters and significant positive correlation between these parameters suggest that they can be used as an alternative to each other and consequently as a useful index for selecting stable genotypes in crops. All the studied stability parameters except Ysi and YSI did not show significant correlation with mean grain yield and therefore, could be compromise methods to select genotypes with high grain yield and stability. Significant negative rank correlation between mean yield and YSI showed that lower value of this parameter is related to higher yield. While, Ysi had nearly perfect positive correlation with mean grain yield which inferred that Ysi is more suitable stability parameter in finger millet for selection of genotypes with wide adaptability and higher yield. All four parametric stability measures (σi 2 , s 2 , Wi 2 , ASV) identified similar stable genotypes namely PPR 2773, KOPN 942, TNAU 1214, KRI 007-01, VL 368, VL 352 and GPU 45. All these stability measures were significantly positively associated with each other and can be used alternatively. However, these parameters did not consider the grain yield along with stability. Among non parametric statistic, only two statistical measures (Ysi and YSI) could differentiate the genotypes for stability. These two stability measures showed significant association with mean grain yield and were important in identification of stable genotypes (PPR 2773, VL 368, KOPN 942, VR 988, TNAU 1214 and GPU 45) without compromise for grain yield. Among all the stability measures, simultaneous selection for yield and stability (Ysi) was found to be the better choice for screening of genotypes for both yield and stability. (1)) = 4.31 E(Si(2))=14 V(Si(1)) = 2.19 V(Si(2))= 71.17 χ2 Sum = 22.36 χ2 Z1Z2 = 6.64 σi 2 -stability variance of Shukla; s 2 -Shukla's squared hat; Wi 2 -Wricke´s ecovalence; ASV-AMMI stability value; Ysi-simultaneous selection for yield and stability; Si(1)-mean of absolute rank difference of a genotype over environments; Si(2)-sum of square deviations of the rank; YSI-Yield stability index; V(Si(1)) and V(Si(2)) are variance for Si(1) and Si(2), respectively; Zstatistics-measures of stability; Z1 and Z2 are the standard values of Si (1) and Si (2) respectively, for 2 test; χ2 Sum is the chi-square value at 13 degree of freedom and p at 0.05; χ2 Z1Z2 is chi-sqaure value at 1 degree of freedom and p at 0.01. 0.63* * and **: significant at the 0.05 and 0.01 level of probability, respectively MGY -Mean grain yield σi 2 -stability variance of Shukla; s 2 -Shukla's squared hat; Wi 2 -Wricke´s ecovalence; ASV-AMMI stability value; Ysisimultaneous selection for yield and stability; Si(1)-mean of absolute rank difference of a genotype over environments; Si(2)-sum of square deviations of the rank; YSI-Yield stability index.
